Introduction
Various gene abnormalities causing primary hyperlipidemia have been identified in our country. Familial hypercholesterolemia (FH) is one of most frequent primary hyperlipidemias. The underlying gene abnormalities have been identified on the low-density lipoprotein (LDL) receptor gene locus. A previous investigation based on the database created by the Research Committee on Primary Hyperlipidemia reported that approximately 80 mutations have been identified in various regions in the LDL receptor gene in Japan, and some of them may be more prevalent than others, comprising the so-called "common mutations" (2) (3) (4) . Furthermore, the possibility of different responses of mutations against cholesterol-lowering therapy was suggested in FH (5) . In this study, the clinical features of FH in Japan were investigated using the above database for mutations in Japanese patients with primary hyperlipidemia and related disorders. Additionally, the clinical phenotypes in FH with the common mutations were studied using three databases based on different areas in Japan.
Methods
The database for mutations in Japanese patients with primary hyperlipidemia and related disorders by the Research Committee on Primary Hyperlipidemia organized by the Ministry of Health, Labour and Welfare was used for the analysis in this study (2) (3) (4) . The analyses of phenotypes for the common mutations were performed based on the databases provided by Drs. Maruyama and Yamashita (Osaka University), Drs. Kajinami and Mabuchi (Kanazawa University) and Drs. Bujo and Saito (Chiba University). The results are shown as mean ± SD for each index. Comparison of data was performed using the Student's t-test and/or ANOVA, and a value of p < 0.05 was considered significant. Logistic analyses were performed to obtain odds ratios for coronary artery disease (CAD).
Results

Clinical profile of familial hypercholesterolemia in Japan
The clinical features of 660 registered cases of FH (19 cases of homozygotes including two compound heterozygotes, and 641 cases of heterozygotes) were analyzed (Table 1 ). Both in homozygotes and heterozygotes, more women were registered than men (63% and 54%, respectively). The average age of cases for homozygotes and heterozygotes was 26 y (4-49 y) and 51 y (1-85 y), respectively. The average serum total cholesterol (TC) and LDL-cholesterol (LDL-C) of homozygous FH was 686 mg/dl and 582 mg/dl, respectively. The average serum TC and LDL-C of heterozygous FH was 324 mg/dl and 248 mg/dl, respectively. The proportion of type IIb hyperlipidemia in the WHO classification, which indicates hypertriglyceridemia as well as hypercholesterolemia, was 22% for homozygotes and 23% for heterozygotes. The serum high density lipoprotein-cholesterol (HDL-C) level was 35 mg/dl in homozygotes.
The occurrence of arcus cornea was 85% in homozygotes and 38% in heterozygotes. Tendon xanthoma was observed all in homozygotes and in 82% of heterozygotes. The occurrences of skin xanthoma were not as frequent as those of tendon xanthoma: 13% in homozygotes and 8% in heterozygotes. The occurrences of xanthelasma were 31% in homozygotes and 9% in heterozygotes. There was a history of CAD in 73% of homozygotes and 24% of heterozygotes. Other atherosclerotic diseases, cerebrovascular diseases (CVD) and arteriosclerosis obliterans (ASO), were not observed in homozygotes, and observed at 3% and 2% in heterozygotes, respectively.
Serum lipids and CAD in heterozygous FH
In heterozygous FH, the clinical profiles of the 296 male cases were compared with those of the 345 female cases ( Table 2 ). The average age of the male and female cases was 49 y and 54y, respectively. The average body mass index (BMI) of the male and female cases was 23.5 kg/ m 2 and 22.6 kg/m 2 , respectively. The average serum cholesterol levels of heterozygous FH were not significantly different between the males and females. The TG and HDL-C levels were significantly higher in the males than in the females; the proportion of type IIb hyperlipidemia was higher in the males than in the females. There were no significant differences between the males and females in the occurrence of arcus cornea, skin xanthoma, or tendon xanthoma. Figure 1 shows the relationships between serum lipids and occurrence of CAD in heterozygous FH. There was no obvious relationship between TC, LDL-C or triglyceride (TG), and CAD occurrence. However, the occurrence was most frequent in cases with LDL-C of more than 320 mg/dl or TG of more than 250 mg/dl. Notably, there was a clear negative tendency in the relationship between CAD occurrence and HDL-C; an increased HDL-C level was associated with a decreased CAD occurrence, and the occurrence at an HDL-C level of more than 60 mg/dl was reduced to about one-fifth of that at less than 35 mg/dl.
Males with FH showed a significantly higher occurrence of CAD than females (Fig. 2) . There was no significant difference in CVD occurrence. Males with FH showed a higher tendency of occurrence of ASO than females, although not significant by. Further analysis of the heterozygotes was performed separately for type IIa and IIb hyperlipidemia, in order to determine the significance of accompanying hypertriglyceridemia for the occurrence of CAD (Fig. 3) . There was no significant difference in CAD occurrence between the two types in the males. In the females, the cases with type IIb showed an obviously increased CAD occurrence compared to the cases with type IIa. Next, the significance of hypoalphalipoproteinemia (HDL-C of less than 40 mg/dl) was analyzed (Fig. 4) . The cases with hypoalphalipoproteinemia showed increased CAD occurrence in males. Together with the results in Figure 1 , serum HDL-C level seems to be rather well or related with CAD occurrence in FH heterozygotes. Logistic regression analyses for CAD revealed that male, age > 50 y, smoking, hypertension, diabetes mellitus, TG > 150 mg/dl and HDL < 40 mg/dl were associated with an increased risk of CAD (Fig. 5) . The cumulative incidence of CAD is shown in Fig. 6 . Males with FH developed CAD 10-20 years earlier than females with FH.
Phenotype of heterozygous cases with the "common mutations" in the LDL receptor gene
Common mutations in the LDL receptor gene have been suggested to exist in FH heterozygotes in Japan (6) (7) (8) . The common mutations consist of four mutations: K790X in exon 17, C317S in exon 7 (FH Wakayama), P664L in exon 14 (FH Kanazawa-2) and 1845 + 2 T to C (FH Niigata). Previous studies have suggested that the total number of cases with the four mutations accounts for about 30% of heterozygous FH in Japan (6, 7) . In order to determine the frequencies and clinical features of cases with the common mutations in various areas in Japan, the four mutations were intensively analyzed in the cases with FH in the Chiba area, and the frequencies and phenotypes were analyzed in comparison with previous data from other areas. The occurrences of the four mutations in the 154 cases of heterozygous FH in Chiba were observed as 5.8%, 4.5%, 5.2% and 1.9% for 1847TC, K790X, P664L and C317S, respectively ( Table 3 ). The frequencies in Chiba were about one-half and one-third to-fourth for 1847TC and C317S, respectively, compared to those in the Osaka area. The frequencies of K790X and P664L were almost the same between both areas. The frequencies of P664L in both areas were also similar to that in the Kanazawa area. The frequency of cases with the four mutations was up to 17.5% of all FH cases analyzed in the Chiba area.
The clinical features of FH with the common mutations were analyzed next. The serum levels of both TC and LDL-C in the cases with the common mutations were increased compared to the average levels of the 641 cases with heterozygous FH (Table 4 ). The summarized data of the Chiba and Osaka areas (provided by Drs. Maruyama and Yamashita) showed that cases with any primary hyperlipidemia and related disorders. Additionally, clinical phenotypes in FH with the common mutations were studied using three databases based on different areas in Japan. The clinical features and the frequencies of accompanying vascular diseases in 660 FH homozygotes and heterozygotes suggested that the occurrence of CAD has increased in males, and has not changed much in females, compared to that in the database from 1986, respectively (9) . However, it is impossible to compare the occurrence exactly as the criteria for the definition of FH is not the same between the previous and current studies. There was no clear relationship between CAD occurrence and TC level in the annual report of the research group for primary hyperlipidemia in 1986, which is not clearly different from the results of this study. However, the annual report in 1986 showed a relationship between TG and CAD, which was not obviously observed in this study. The relationship Mean ± SD, Xanthoma does not include Achilles tendon thickness. of the common mutations showed increased average TC and LDL-C levels compared to those in the data of heterozygous FH (Table 5 ). The frequencies of CAD occurrence were 52%, 54%, 36% and 54% for 1847TC, K790X, P664L and C317S, respectively. These occurrences in the cases with the common mutations were increased compared to those in the data of heterozygous FH, although the average age was younger in the cases with the common mutations. However, the average levels of TC and LDL-C of the cases with P664L (FH Kanazawa 2) in the Kanazawa area (provided by Drs. Kajinami and Mabuchi) were obviously decreased compared to the summarized levels (Table 6 ).
Discussion
The clinical features of FH in Japan were investigated using a database mutations in Japanese patients with observed between HDL-C and CAD was almost the same in both reports. The importance of accompanying hypertriglyceridemia in females and hypoalphalipoproteinemia in males for an increased occurrence of CAD was clarified in FH. Risk factor analyses revealed that hypertension, male, smoking, low HDL-cholesterol levels ( < 40 mg/dl), age > 50 y, diabetes mellitus, and hypertriglyceridemia ( > 150 mg/dl) were positive risk factors for coronary heart disease. The cumulative incidence of CAD showed that males with FH developed CAD 10-20 years earlier than females with FH. A summarized gene analysis for hyperlipidemia showed at least four mutations in the LDL receptor gene as common mutations in Japan (6,7). The increased average serum lipids and frequencies of CAD suggested the differing phenotypic severity among FH cases based on various mutations. Further analysis of the clinical features of cases with the common mutations should be performed to determine the clinical severity in these cases.
